Objective To determine differences in the incidence of bronchopulmonary dysplasia (BPD) or death in extremely low birth weight infants managed on high flow nasal cannula (HFNC) vs continuous positive airway pressure (CPAP).
D
espite the use of antenatal corticosteroids, surfactant replacement therapy, and gentle ventilation, bronchopulmonary dysplasia (BPD) remains a significant problem in preterm infants. 1 There are several contributing factors to the development of BPD, including infection, hyperoxia, and ventilator-induced lung injury. In an effort to reduce injury from mechanical ventilation, noninvasive modes of respiratory support are increasingly being used. 2 Continuous positive airway pressure (CPAP) is a widely used mode of noninvasive respiratory support in premature newborns. CPAP reduces extubation failure and can be used to treat apnea of prematurity. 3 The use of CPAP may reduce BPD as it minimizes duration of mechanical ventilation. 4, 5 CPAP can be difficult to apply to the nares and may cause agitation, trauma to the nasal septum, and distortion of the nares. [6] [7] [8] Alternatively, high flow nasal cannula (HFNC) is a mode of noninvasive respiratory support that is easily applied, reduces nasal trauma, and well tolerated by neonates. 6, 9 HFNC is used as an alternative to CPAP to treat respiratory distress syndrome, to facilitate extubation, and to treat apnea of prematurity. 6, 10 Using higher flow rates may result in positive end-expiratory pressure; however, pressure generated by HFNC is not measured or regulated by the circuit. 6, 10 End-distending pressure from HFNC cannot be predicted and unregulated distending pressure generated by HFNC may be injurious to the lungs. 11 Recent studies comparing HFNC and CPAP in preterm infants focused on short-term respiratory outcomes or were performed in larger preterm infants. [12] [13] [14] [15] Our objective was to evaluate whether the use of HFNC compared with CPAP reduces the risk of BPD or death in extremely low birth weight (ELBW) infants (birth weight [BW] #1000 g). In addition, we evaluated the impact of HFNC use on oral feeding, respiratory support, and other neonatal morbidities associated with prematurity.
Methods
This study is a retrospective data analysis from the The primary outcome was BPD or death. BPD was defined as any supplemental oxygen requirement at 36 weeks postmenstrual age (PMA). No physiological test was performed to diagnose BPD. The criteria were similar for all institutions. BPD was defined at 36 weeks PMA and death at any time during the NICU admission. The infants who were not on supplemental oxygen at 36 weeks PMA and died at 37 weeks were classified as "Death."
Prespecified secondary outcomes were ventilator days, postnatal steroid use, days to room air, days to initiate oral (PO) feeds, days to reach full PO feeds, length of hospitalization, patent ductus arteriosus requiring medical therapy, modified Bell stage 2 or higher necrotizing enterocolitis, severe intraventricular hemorrhage defined as grade 3 or 4, and retinopathy of prematurity requiring laser therapy. Baseline demographics, clinical characteristics, and neonatal outcomes were compared between the infants who received CPAP and HFNC or HFNC AE CPAP.
Statistical Analyses
Statistical analysis was performed using the Sigma plot v 13 (Systat Software, Inc, Point Richmond, California) and SPSS v 22 (IBM Corporation, Armonk, New York). The groups were compared by Student t tests, Mann-Whitney U tests, or c 2 tests as appropriate. The clinical and demographic characteristics that were significantly different between the CPAP and HFNC AE CPAP groups in bivariate analyses were adjusted in multivariable regression models. Linear and logistic regression models were used and adjusted for gestational age (GA), BW, centers, 5-minute Apgar score, ventilated on day 1, ventilated at any time, and surfactant. The difference was considered significant for P < .05.
Results
The total number of infants born with BW #1000 g during the study period was 3026. We excluded 539 (17.8%) infants as they did not receive CPAP or HFNC (334 infants died and never extubated to CPAP or HFNC, 68 infants remained intubated at discharge, 137 infants did not receive CPAP or HFNC as respiratory support during the NICU stay). A total of 2487 infants met the inclusion criteria; 941 infants received CPAP, 333 infants received HFNC, and 1546 infants received HFNC with or without CPAP (HFNC AE CPAP). The HFNC AE CPAP group included infants who received HFNC with CPAP (1213 infants) and HFNC without CPAP (333 infants). The order in which the infants in this group received HFNC or CPAP is not known. In addition, the CPAP pressure and the HFNC liter flow were not known for the infants.
The clinical and demographic characteristics of the study population are summarized in Table I . There was no significant difference in GA, BW, and other baseline characteristics between the CPAP and HFNC groups. The HFNC AE CPAP group differed from the CPAP group in GA, BW, 5-minute Apgar score, and the number of infants Volume 173 June 2016 ventilated on day 1, ventilated at any time and received surfactant.
Primary Outcome
The primary outcome of BPD or death was significantly higher in the HFNC group compared with the CPAP group (Table II) . Similarly, adjusted odds of developing BPD or death was greater in the HFNC AE CPAP group compared with the CPAP group (OR 1.085, 95% CI 1.035-1.137, P = .001).
Respiratory Outcomes
The number of infants who developed BPD was significantly higher in the HFNC group compared with the CPAP group ( Table II) . The days on mechanical ventilation, use of postnatal steroids, and days on oxygen was also higher with the use of HFNC. Similarly, the adjusted odds of developing BPD was greater in the HFNC AE CPAP group compared with the CPAP group (OR 1.168, 95% CI 1.118-1.220, P < .001). In addition, more infants in the HFNC AE CPAP group required multiple ventilator courses, received postnatal steroids, and had longer days on a ventilator and oxygen.
Feeding Outcomes and Length of Hospitalization
Time to initiate PO feeds, time to achieve full PO feeds, and length of hospitalization were significantly longer in infants in the HFNC group compared with the CPAP group (Table III) . Similarly, after adjusting for confounding variables, infants in the HFNC AE CPAP group took longer to initiate PO feeds, achieve full PO feeds, and were hospitalized longer when compared with the CPAP group.
Other Neonatal Outcomes
The other neonatal morbidities associated with prematurity (severe intraventricular hemorrhage, patent ductus arteriosus, necrotizing enterocolitis, and retinopathy of prematurity requiring laser therapy) did not differ in infants who received HFNC and CPAP (Table II) . After adjusting for confounding variables, the differences in neonatal morbidities associated with prematurity were also similar in the CPAP and HFNC AE CPAP groups (Tables II and IV) .
High Volume vs Low Volume Centers
The data analysis included infants from 466 hospitals. The number of infants per hospital ranged between 1 and 105. Three hundred seventy-eight low-volume centers (<10 infants from the study site) contributed 976 infants (39%); 88 high-volume centers (10 or more infants from the study site) contributed remaining 1511 infants (61%). Baseline demographics and neonatal outcomes were compared in low volume and high volume centers and presented in Tables V and VI (available at www.jpeds.com). Similar differences in outcomes were found in low volume as well as high volume centers except for BPD or death. In low volume centers, the rate of BPD or death was not statistically different between the CPAP and HFNC groups (there was a trend toward higher BPD or death with the use of HFNC). This is likely to be due to smaller sample size.
Discussion
Despite limited data, HFNC is commonly used in preterm infants to wean from CPAP or as an alternative to CPAP. Randomized clinical trials investigating the short-term outcomes showed similar or greater re-intubation rates with the use of HFNC compared with CPAP. [12] [13] [14] [15] In this first study comparing use of HFNC and CPAP in ELBW infants, we found that infants managed on HFNC were at higher risk of BPD or death. Similarly, the use of a combination of HFNC and CPAP was associated with increased risk of BPD or death in ELBW infants. In addition, infants in the study population who received HFNC or a combination of HFNC and CPAP were on oxygen for a prolonged period of time, took longer to begin and reach full oral feeds, were more likely to be treated with postnatal steroids, and had a longer length of hospitalization.
Although several factors contribute to the development of BPD in ELBW infants, ventilator-induced lung injury had a key role in its pathogenesis. The use of CPAP as a mode of noninvasive ventilation reduces the incidence of BPD or death. 16 However, the use of CPAP in ELBW infants may be limited due to difficulty applying it to the nares and by the risk of nasal trauma. The use of HFNC in ELBW infants may provide an alternative mode of noninvasive respiratory support because of the ease of application, improved tolerance, and less nasal trauma. 9, 13 HFNC can reduce work of breathing, improve lung compliance, and deliver some degree of positive airway pressure. 9, 17, 18 Because of the presence of a leak within the airway, there is significant variability in the distending airway pressure generated with HFNC. When HFNC was used in preterm infants with respiratory distress syndrome, presence of a 30% leak reduced the airway distending pressure to <3 cm of H 2 O. 11 With the flow rate as high as 5 liters per minute (LPM), no pressure was generated in preterm and term infants when the mouth was open. 19 Even at a flow rate of 8 LPM, the mean pharyngeal pressure generated by the 2 commonly used HFNC devices was 4.9 and 4.1 cm of H 2 O. 13 In contrast, if the infant's mouth is closed or there are dried secretions around the nares, the continuous high flow can increase the airway pressure to an undesirable level. Locke et al 20 demonstrated that even with a flow rate of 2 LPM, it is possible to generate airway pressures of 12 cm of H 2 O. The currently available HFNC delivery systems do not measure the airway pressure, nor prevent excessive pressure delivery to the infant's airway. Unregulated distending airway pressure generated by HFNC may lead to lung injury either because of overexpansion or atelectasis and can contribute to the development of BPD. More infants in the HFNC AE CPAP group required more than 3 ventilation courses suggesting extubation failure with the use of HFNC. Manley et al 14 also reported a trend toward higher rates of extubation failure with the use of HFNC (HFNC 34.2% vs CPAP 25.8%). Extubation failure leads to prolonged cumulative ventilator support. Recently, we have shown that cumulative days of ventilatory support and 4 or more ventilator courses are associated with BPD and respiratory morbidities in ELBW infants. 21 Another possibility for prolonged respiratory support with the use of HFNC is that caregivers perceive HFNC to be "low risk" and are slower to wean or stop it. Yoder et al 15 reported that infants managed on HFNC require prolonged noninvasive respiratory support. Abdel-Hady et al 22 also reported that weaning from CPAP to HFNC limited to 2 LPM was associated with longer duration of oxygen and respiratory support compared with infants who remained on CPAP until weaned directly to room air.
Several randomized controlled trials (RCTs) compared extubation failure with the use of HFNC and CPAP. Campbell et al 12 randomized 40 neonates (BW <1250 g) to HFNC or CPAP after extubation. Extubation failure, oxygen requirement, and number of episodes of apnea and bradycardia per day were higher for infants in the HFNC group. However, the flow rates used in this trial were lower (1.4-1.7 LPM) than those in current clinical use. Collins et al, 13 in a RCT enrolling 132 ventilated preterm infants (<32 weeks gestation), found no difference in extubation failure between CPAP and HFNC groups when higher flow rates (8 LPM) were used. However, this study was underpowered to detect the difference in extubation failure. A larger clinical trial, enrolling 303 preterm ventilated infants (<32 weeks gestation), showed a trend toward higher rates of treatment failure with the use of HFNC (HFNC 34.2% vs CPAP 25.8%).
14 A study by Yoder et al 15 was the largest RCT (432 infants) comparing rate of intubation within 72 hours of initiating CPAP or HFNC. They found no difference in the primary outcome as well as rate of BPD, days on oxygen, and home oxygen use between the 2 groups. However, they excluded ELBW infants from the study. The study enrolled infants ranging between 28 and 42 weeks of gestation, and only 75 infants in each group were <32 weeks gestation. Moreover, the median age of noninvasive support was only 2 days for CPAP and 4 days for HFNC. 15 Our data indicate that the use of HFNC in ELBW infants not only increased respiratory morbidities but also prolonged establishment of oral feeds and the length of hospitalization. There is no literature to guide weaning the rate of flow for infants on HFNC. Similarly, there are no guidelines on PO feeding infants while receiving HFNC. In addition, infants managed on HFNC require prolonged noninvasive respiratory support. 15 A reason commonly cited for using HFNC in infants is that, compared with CPAP, it "frees-up" the infants face and makes it easier for them to feed. Our data do not support this belief. Caregivers perceive the use of HFNC as equivalent to CPAP and likely hesitant to PO feed. At our institution, PO feeding is not initiated unless the infant is on HFNC with liter flow of 2 or less. We speculate that initiating PO feeding is delayed in infants on HFNC as clinicians are reluctant to PO feed while an infant is requiring noninvasive respiratory support. The delay in initiating PO feeds also results in a delay in achieving full PO feeds and subsequently prolongs hospitalization.
There are 3 possibilities for increased respiratory morbidities, delayed PO feeding, and prolonged hospitalization with the use of HFNC. The difference could be due to chance. However, the strength of the association makes this unlikely. The difference in outcomes could also be due to a difference in baseline demographic and clinical characteristics between the groups. There is no significant difference in the CPAP and HFNC groups in BW, GA, 5-minute Apgar scores, and other markers of severity of illness. When comparing differences in outcomes between infants in the HFNC AE CPAP group and CPAP group, multiple regression analysis was used to adjust for the differences between the groups. It is highly likely that the adverse outcomes in infants in the HFNC and HFNC AE CPAP groups are due to the use of HFNC.
This study has several strengths. We compared the use of HFNC and CPAP in ELBW infants and to evaluate BPD or death as a primary outcome. Another important strength is the large sample size. The results from this study should be broadly generalizable as the analysis included infants from 466 NICUs across the US in both academic and community settings. We recognize some important limitations of this study. This is a retrospective study; however, trained neonatal health care professionals collected the data prospectively. The infants were not randomized to receive HFNC or CPAP. The liter flow of HFNC and the pressure of the CPAP were not in the database. The order in which infants were exposed to HFNC and CPAP in the HFNC AE CPAP group also is unknown. The rate of antenatal steroid use in our cohort is low. Not all eligible infants in the study sites are enrolled, only infants with health plans managed by Alere are included in the database. It is possible that the population served by Alere has limited prenatal care with lower use of antenatal steroids. However, there was no significant difference in the use of prenatal steroids in the 3 groups in our study population.
In conclusion, our findings suggest that ELBW infants who received HFNC during hospitalization had a greater likelihood of developing BPD or death. In addition, HFNC use in ELBW infants was associated with a delay in establishing oral feeds, increased use of postnatal steroids, longer need for oxygen, and prolonged hospitalization when compared with the use of CPAP. An adequately powered RCT is recommended to evaluate the effect of HFNC on long-term respiratory morbidity, oral feeding, and length of hospitalization in ELBW infants. n 
